Hm  Question  ai 

Standards  for  Distal  Interactive  Tdevision 


DTIC 

ELECTE 
DEC  17 1993 


Robert  Hiibadeaa 
November,  1993 
CMU-RI-TR-93-23 


The  Robotics  Institute 
Carnegie  Mellcm  University 
Pittsburgh,  Ptmnsylvania  15213 


Copyright  (c)  1993  Carnegie  Mellm  University 


This  docinaGut  has  be«ii  appioved 
tci  public  r-slease  and  sole;  its 
distribution  is  uniriaited 


This  research  was  sponstned  in  part  by  the  Advanced  Research  Projects  Agency  (DOD)  ARPA 
order  6873,  voder  contract  #MDA972-92-J-1010.  The  views  and  conclusions  contained  in  this 
document  ate  those  Ol  the  authm*  and  should  not  be  intnpreted  as  represoiting  the  official 
policies,  either  expressed  or  implied,  of  the  Advanced  Research  Projects  Agency  or  the  US 
Government 


S3  l2  l6  041 


93-30561 


Best 

Available 

Copy 


Abstract 


Pervasive  change  is  near.  Amcnig  (he  central  elements  of  this  change  will  be  digital  interactive 
television.  It  is  generally  thought  that  interactive  televisirai  can  have  a  profound  beneficial  impa^  cm 
every  daaeat  of  the  economy  from  avoage  homeowner,  to  small  and  l^e  business,  and  government 
agency.  We  have  the  oppmtunity  now  to  ^age  public  dd)ate  (»  what  form  interactive  television 
should  take.  Should  it  ctmie  abtw  as  a  series  of  private,  mutually  incompatible,  inwilar  systems,  or 
should  it  be  treated  like  televisi<m  has  traditionally  been  treated,  subject  to  FCC  standards  «Vin  to 
existing  NTSC  and  die  recendy  agreed  HDTV  standards.  Tins  article  attempts  to  provide  a  fiamew<^ 
for  a  Inroad  discussion  of  such  standards. 
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The  Qaestion  of 

Standards  for  Digital  Interactive  Television 

Robert  ThitMdeau 
School  of  Computer  Sdence 
Ceme^  Mdkm  Unlveralty 

Ditta  Masted  into  hmnes.  What  will  we  do?  In  the  televisitm  indu^ty,  programming  is 
pnxfaicedfordistributicmby  networks  that  broadcast  by  way  of  various  i^skal  paths  to  standard 
leceiveis.  Different  imhistries  exist  for  (a)  lecdvers  (e.g.,  RCA  or  Sony  TVs),  G>)  physical  paths 
(e.g.,  uplink  facilities,  cable  operauns),  (c)  distribution  (e.g.,  CNN,  ABQ,  and  (d)  programming 
(e.g.,  "Hdlywood”).  For  today's  video  programming,  standards  exist  in  various  forms  that  tie 
ttese  industrial  components  to  a  emtunon  framework.  But  standards  do  not  yet  exist  for  "digital 
data”  programming,  whether  that  inogramming  is  for  entertainment,  information,  shopping,  or 
games. 


Because  digital  data  ptogrammii^  offers  the  of^rorturuty  fm-  the  two-way  path,  there  is  also  a 
fifth  fdayer,  the  ’return  feed  guy.’  This  guy  might  be  a  quasi  distributimr  guy,  like  a  tfara  sentx 
company  such  as  Telnet,  OxnpuServe,  or  Ihrodigy,  a  telqrhone  answering  group  such  as 
Telecoip,  an  advertiser,  or,  direedy  a  pn^rammer  acting  as  a  distributiem  guy  as  we  might  see 
with  a  "Macy’s  Charmel"  or  a  "S<^a  CharmeL" 

Standards,  whether  official  or  unc^idal,  are  essential  to  today’s  telecmmnunications  build  out 
There  ate  a  variety  of  standards  processes  underway  in  every  facet  of  the  build  out  Standards 
permit  "quantities  of  exchange”  to  be  understood.  They  permit  the  various  business  segments, 
receivers,  paths,  distribution,  programming,  and  return  feed,  to  engage  in  business.  This  is 
everything  fmn  the  highly  unif»m  unofficial  standard  like  the  standard  "prime  time" 
pre^^rarruning  lengths  for  30  minute  and  one  hour  shows,  to  highly  uniform  Official  standards  like 
the  NTSC  standard  for  the  form  of  broadcatt  video  signals. 

But  standards  serve  the  "eng^ement  of  business"  in  a  broader  way.  They  serve  the  consumer 
too.  The  cemsumer,  like  the  businessman,  has  standardized  quantities  and  a  means  of  Mrying  into 
the  systmL  To  be  successful,  standards  must  be  clearly  described  and  clearly  accq>ted.  They 
must  fit  well  within  technical  c^»bilities,  but  necessarily  permit  open  and  evolving  cmnmoce. 
In  digital  interactive  television,  the  subject  of  this  papn,  the  standards  process  is  just  being  bom. 
Digital  interactive  televisirm  services  are  defined  by  the  broulcast  of  digital  data  that  is  converted 
to  infrmnation  on  the  home  tdevisitm  set  Digital  interactive  television  sovices  now  available, 
sudh  as  Videotext  EON,  GTE  Mainstteet  Intoactive  Network,  Starsight  TRAKKER,  Videoway, 
X*Plness,  and  Zing,  (see  Gazetteo*  in  iq>pendix)  are  completely  vertical  and  insular. 

This  places  a  load  on  the  consumer  and  other  aspects  of  cmiunace  to  {xovide  for  an 
increasingly  disparate  array  of  infrastructure  elemoits.  It  wiU  not  do  if  the  consumer,  for  evoy 
new  digital  data  service,  has  to  pay  for  a  new  box  on  his  TV,  every  cable  operatOThas  to  pay  for 
new  forms  of  insertion  aixl  handling  equiianoit  and  every  programmer  has  to  bear  sqiarate 
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pfodoctiaii  costs  for  each  distributor.  This  n^UQy  forming  tower  of  Babel,  in  essence,  is  perhaps 
die  miQorecoiKmiic  problem  confronting  die  devdc^ent  of  intoactivetelevisioiL  Qmfusionin 
the  marketplace  should  be  couiheracted  with  frank  discussion  about  bow  standards  should  be 
structured.  It  is  not  too  early  fmr  such  discussion,  particularly,  if,  as  we  believe,  the  magnituH^  of 
eonunetce  in  this  area  is  being  severely  constiaiiied  by  absence  of  such  discussum. 

Let  os  ask  about  the  what,  where,  when,  and  how  oi  standards  for  digital  interactive  television. 
The  qnestkos  that  are  to  be  discussed  in  this  paper  are  Ivoad  ranging  qoestimis  that  ask  us  to 
ddiik  about  the  direct  tie  between  a  standard  and  the  commerce  it  services.  Ihe  first  question 
kioks  for  standards  to  o(^. 


I 

The  computer  industry  has  a  well  deveitqped  standards  infrastructure  for  digital  data, 
why  not  Just  adopt  these  for  the  television  industry? 

Consider  standardization  in  the  compote  industry.  Similar  to  the  televisitm  iiKiustry,  the 
computer  industry  is  conposed  oi  (a)  user  equiimem  (e.g.,  DELL  computers),  (b)  jdiysical  paths 
(e.g..  Prodigy,  Internet),  (c)  distributors  (e.g.,  Scdtsell,  Egghead),  (d)  programmers  (e.g.,  Lotus). 
The  computer  industry  has  put  fwth  a  large  number  ci  candidate  dma  exchange  and  managonent 
standards  in  areas  where  die  television  industry  hardly  has  models  at  alL 

This  has  not  been  all  good.  One  example  is  that  the  {diysical  paths  in  the  computer  industry  are 
mudi  more  complex  and  disparate.  Similarly,  anyone  who  actually  works  with  an  IBM 
conqiatible  PC  knows  the  configuration  nightmare  that  exists  because  standards  in  the  area  of 
eqnipmmt  are  barely  t^ieratiooal.  This  crmfigoradon  nightmare  makes  the  problem  connecting 
a  VCR  to  a  TV  look  like  a  kindergarten  exercise. 

The  computer  industry’s  repeated  failure  in  its  own  standardization  process  motivates  a 
crmclosion  that  the  standardizaticm  process  in  digital  interactive  television  should  draw  deejdy  on 
kaxmledge  deveioped  in  the  parallels  of  cranputetdcmi,  but  it  should  not  be  modeUed  after  that 
standardizatitHL  The  reasonir^  is  simple  and  direct  and  lies  in  the  jnesence  of  the  ctmsumer  in 
thecmnmemial  equatiotL  Television  sedcs  to  directly  involve  peofde  who  may  well  not  tolerate 
the  cmifusioo  of  cmnputer  standards  in  their  homes.  Consequently,  for  instance,  we  believe  that 
attempts  to  put  such  de  facto  cmnputer  network  standards  as  "Ethernet"  on  cable  television  are 
domned,  not  because  Ethernet  on  cable  television  is  not  a  good  and  fim  idea  fra:  computer  uses, 
but  because  it  {Hovides  standardization  that  fails  to  service  cranmerce  in  television. 

The  consumer  electronics  industry  has  a  well  (kvdoped  standards  infrastructure.  Of  course, 
this  infrastmctore  is  already  adcqited  in  the  tdevision  industry.  It  is  not  digital,  or,  periuqis,  to  be 
ftur,  it  is  just  bardy  digital.  It  is  similarly  just  bardy  two-way,  even  counting  teleffrony.  The 
television  irdnstry,  of  which  craisomer  electronics  partidpates,  is  characterized  by  strong  and 
effective  standards  cranpared  to  the  computer  industry.  Function  in  craisumer  electrraiics  is 
reduced  in  order  to  create  simplidty  that,  in  turn,  invites  standard  elranents.  Every  signal 
aigtneer  is  respectful  of  the  achievranent  of  NTSC,  PAL,  and  the  lik^.  but  he  also  knows  how  far 
these  standards  fall  short  in  the  digital  data  arena.  In  the  arena  of  digital  interactive  televisicm. 
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we  seek  to  inciease  fuu^km.  An  aiqiropciate  goal  may  be  to  achieve  a  paradigm  shift  in  Auction 
dttougii  a  few  simple,  standard,  elements. 

Propeaitioa  1:  New  standards  are  wmrth  considering  for  die  new  domain  of  d^tal 
inleraodve  tdevision. 


n 

What  should  be  the  standardized  dements  (^digital  interactive  tdevision? 

Let  us  take  the  industry  cmnponents  in  turn  and  address  standardization  that  would  benefit 
each  ctanpoDoit: 

The  TV  Set  (and  the  omipanion  boxes  in,  on,  or  really  near,  die  home).  Standardizing  the 
(diysical  teceiver  certainly  has  divious  benefit  The  equivalent  has  not  occurred  in  the  cmnputer 
industry.  In  the  tdevision  industry,  standardization  of  the  receiver  was  accomplished  by 
standardizing  the  structure  of  the  information  the  televisitu  receiver  could  recdve  (viz.,  NTSC, 
PAL).  The  analog  video  inftumation  structure  is  flat,  rigid  and  complete.  Broadband  channel 
sdection,  video  ctmtrols,  and  the  like  fdlow  diret^y,  and  the  television  set  is  essentially  pre- 
(xdained.  The  same  method  is  essentially  being  qiplied  to  Ugh  definition  televisim.  This 
method  has  been  so  successful  that  we  should  ask  whether  a  similar  ai^>n»ch  would  be  applicable 
to  interactive  television  since  it,  too,  involves  mass  data  distributitm. 

At  the  level  of  the  signal  that  the  receiver  acce|^,  part  the  standardizatimi  answer  may  be 
unfolding  in  the  ATM  (asynchrcmous  transfer  mode)  computer  and  telei^ione  network  standard  in 
current  planning.  ATM  is  a  CCITT  intonational  standard  in  {xocess  [2]  [3]  [S].  To  see  why  the 
ATM  standard  poses  interesting  ideas  for  interactive  television  standards,  consider  die  reasoning 
that  underlies  it 

In  electronics  thoe  is  the  technique  of  "broadcast"  (one  to  anyone),  "multicast”  (one  to  a 
specific  list),  and  "unicast"  (one  to  one).  Qeaily  the  televisimi  industry  has  relied  tm  Inoadcast 
Multicast,  such  as  is  available  on  some  cable  converter  boxes,  most  head  end  equipmrat,  and 
mai^  computer  LANs,  is  not  as  cheap  as  broadcast  when  the  audience  is  unconstrained.  Unicast 
is  inetty  hmiible  for  the  distributor  of  prograrrunii^,  but  in  interactive  televisirm,  it  is  |xetty 
necessary  for  the  return  feed  activity  of  buying  or  making  a  telq>hone  calL  The  ATM  style 
network  has  the  admirable  attribute  that  broadcast,  multicast,  and  unicast,  share  a  common 
convention  known  in  ATM  terminology  as  a  "virtual  circuit"  [5].  Data  in  an  ATM  networic  can 
be  moved  around  altmg  a  fixed  path  with  unprecedented  efficiency.  No  data  can  be  stopped  ftmn 
making  its  iq)pointed  rounds. 

A  second  highly  desirable  a^>ect  of  the  ATM  is  that  the  data  travels  in  data  groups  or  packets 
that  «dl  have  exactly  the  same  size  specified  in  bytes  (viz.,  53  byte  packets  or  "cells").  This 
permits  small,  fast,  messages  and,  also  important,  fast  switching,  interleaving,  and  routing  of 
packets  to  their  assigned  circuits.  Hardware  that  can  count  on  fixed  pocket  sizes  is  inherently 
cheaper,  if  rxily  because  buffering  [aroblems  stay  highly  tractable.  Also,  and  of  utmost 
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impoftance,  the  fixed  packet  size  makes  ''c<xistaQt  bit  rate*  data  streams,  mch  as  video,  a  very  real 
poasilnlity.  Constant  Ut  rate  data  streaming  is,  for  all  intents,  impossible  in  Ethernet,  for 
example. 


The  big  proUem  with  ATM  systems  in  television  is  that  they  assume  all  paths  are  symmetric: 
data  imes  to  the  home  are  equivaleot  to  data  rates  from  the  home.  This  is  an  iinreasonabfe 
assumption  for  much  of  the  phytdcal  fdant  Mrne  important,  it  is  an  unreasonaUe  ctmstraint  on 
oMnmeice.  However,  one  can  imagine  an  ATM  spigot  where  a  constant  bit  rate  data  stream 
packets  is  made  availidrle  to  a  local  head  end  broadcast  True  ATM  ‘routing"  is  lost  past  this 
spigot,  but  the  pack^  structure  is  retained  as  if  this  is  the  final  path  on  a  virtual  circuit  A  second 
ATM  drcoit  would  feed  an  ATM  drain  that  would  contain  lower  individual  <t«ta  rates  frcnn 
homes  back  to  the  distributitMi  source  or,  directed  at  a  different  collection  of  businesses  than  these 
distributors  of  the  broadcast  infcHmatioo. 

A  l^nl  "digital  interactive  television  receiver*  in  this  sense  would  be  able  to  accept  ATM 
packets  m  a  specified  rate,  would  be  unicast  and  multicast  ready  (viz.,  can  filter  by  address  if 
requested),  and  would  be  able  to  produce  ATM  packets  at  a  specified  rate  that  is  very  possibly 
different,  and  smaller,  than  the  ntte  required  for  receptiorL  Rates,  or  speeds,  mattm'  a  lot  to  the 
consumer  side  at  the  standards  equatitm  since  different  electronics  are  required  to  service  faster 
data  rates.  Current  ATMs  (STS-S)  achieve  speeds  of  155  million  bits  per  second.  In  simple 
terms,  one  ATM  path  could  hold  about  1000  TRAKKER-style  digital  intoactive  televiskm 
netwmks,  about  10,0(X)  Videotext  networks,  and  abmit  8  of  the  most  data-aggressive  networks  we 
have  seetL  Any  combinadon  is  possible  m  aae  ATM.  Yet,  oae  ATM  path  would  allocate 
approximately  4  satellite  channels. 

The  ATM  television  node  is  the  node  at  the  downlink  head  end.  This  implies  a  broadcast  of 
ATM  packets  because  n^odated  bit  rates  betwemi  an  ATM  televisicm  node  and  each  television 
recdver(s)  could  become  too  mtpoisive.  Of  great  ctmcem  in  broadcast  is  the  {xotection  of  data 
integrity.  The  virtual  circuit  notion  is  now  violated  because  the  receipt  is  firmn  one  ATM  circuit, 
and  the  return  feed  is  sent  to  anotho’  ATM  citcuit  There  is  no  universal  "handshake"  that 
diamines  if  the  data  received  by  or  sent  fiom  the  TV  has  not  been  corrupted.  The  technique  to 
fix  this  would  be  a  third  class  of  ATM  circuit  widr  differed  circuits  defined  betweoi  the  ATM 
tdevision  node  and  each  television  receiver,  this  is,  t^ain,  an  extremely  expmisive  proposititm. 
Tlw  errmr  correction  issues  hoe  are  profound.  The  only  safe  solution,  in/out  data  rate  synunetry 
with  unicast  transmission,  is  probably  too  expensive  and  will  inhibit  commerce. 

One  possible  solution  to  this  problem  is  straightforward.  This  is  a  messaging  protocol  in  a 
third  ATM  circuit  defined  between  the  ATM  tdevision  iKxle  and  all  television  receivers  it 
services.  It  characterizes  the  high  bandwidth  downstream  data  and  watches  the  low  bandwidth 
upstream,  or  return  feed,  data  tear  "too  much  transmission  error."  Broadcast  error  causes  a  "catch 
up"  intedeave  transmission  of  old  with  new  data.  As  a  goieral  princiide,  this  says  that  if 
bandwidth  is  asymm^c,  mror  correction  needs  to  be  avmaged.  Prrqwrly  tuned,  this  type  of 
systan  could  conceivably  mily  rarely  fail  while  keeping  television  receiver  electrcmics  capable  of 
inerqpensive  but  high  perftmnance. 
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Tbe  baw  ATM  idea  it  illnstrated  bdow  by  tying  a  tnie  ATM  domain  to  a  Television  ATM 
domain  throngb  a  TeJeviskni  ATM  node:  It  should  be  emphasized  that  the  broadband  coax/fiber 
ttna  already  exists  in  moat  cable  plants  will  service  all  three  ATM  ciioiits  in  the  drawing. 
Ciicidts  are  not  die  same  as  wires  but  they  do  define  differmt  paths  or  tunable  channels  (in  the 
caseofbroadband).  The  circuits  are  shown  as  closed  paths  for  visual  clarity,  bat  they  need  not  be 
closed: 


- 

TRUE  ATM  DOMAIN  '' 


- 

!*  TRUE  ATM  DOMAIN  '' 


Ihroposition  2:  Standard,  fixed  size,  packets  of  digital  information  should  be  defined  for 
broadcast,  mnltfcast,  and  unicast  activity  in  digital  interactive  television.  Standard 
"sharing”  witti  the  tdephone  and  computer  industry  is  possible. 

There  are  ncHi-technical  reports  of  AT&T  ATM  network  tests  in  cable  television  test  markets 
including  Viacom’s  Castro  Valley  and  Time  Warner  Cable’s  Full  Service  Netwmk  in  Orlando 
[1],  although  there  appear  to  be  no  published  details  in  the  technical  literature. 
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Fh3nical  Paths.  The  question  of  standardizing  the  j^ysical  path  is  |n<(4)ably  moot  right  now. 
Ideally,  the  consumer  would  have  exactly  one  electrical  socket  through  which  all  power  and 
commanicatioiw  wouki  flow  into  tl»  house  and  into  and  out  of  appliances  in  die  house.  Looking 
just  at  an  average  hmne’s  bills,  it  is  clear  that  the  power  company  investment  per  household  far 
exceeds  the  tdephone  investment  per  household  that  usually  exceeds  the  cable  investment  per 
household.  This  suggests  that  if  we  were  to  seek  standards  at  the  wire  level,  we  would  lode  at  the 
power  cord  and  define  data  standards  associated  with  data  communication  to  and  firom,  and  data 
isoladon  within,  the  household.  The  only  wiring  existing  in  homes  that  is  shielded  for  high 
frequency  tran«nissioo  is  cable.  Imagine  that  every  hmne  had  a  "Home  ATM  Node"  that 
provided  for  a  separaritm  of  internal  hmne  data  traffic  and  externally  routed  data  traffic.  Who 
could  affmd  to  provide  that  node?  Who  could,  by  existing  regulation,  get  away  with  the 
standaidizatiwi?  The  power  ctxnpanies? 

But,  forget  that  Attoid  to  reality.  Ignme  standardizing  path  except  within  telqibone,  cable, 
and  power.  Witiun  these  domains  we  have  pretty  solid  physical-path-level  standardization 
already.  This  includes  radio,  mkrocellular  radio,  microwave,  and  the  like.  The  FCC  understands 
this  problem,  and  we  can  leave  this  to  them.  After  all,  they  todc  pit^)er  action  with  EON  (see 
Gazetteer  in  appoidix)  that  tried,  but  failed,  to  get  mcclusive  access  to  public  bandwidth. 

Propodtion  3:  No  physical  path  standards  are  required  in  digital  interactive  television 
that  are  not  already  conceptualized  for  odier  purposes. 

Distribution.  In  the  television  industty,  the  laayx  distributors  are  the  television  networks. 
Television  networks  woe  histCMrically  broadcastors  that  had  to  obtain  individual  F(X  licenses  to 
broadcast  on  a  wavelength. 

Later,  there  was  a  st^iaration  between  the  "televirion  broadcaster"  —  the  guy  who  had  the 
antenna  tioiwec  and  the  FCC  license,  and  the  "television  netwmk"  —  the  guy  that  distributed  the 
twogramming  to  the  broadcasters  and  later  the  cable  companies.  In  this  sense,  the  "television 
broadcaster"  of  todiqr  is  not  in  distributiem  as  much  as  be  is  m  the  physical  path  business.  Indeed, 
the  advent  of  cable  and  many  channek  has  brought  a  redefinition  of  the  television  network  that 
more  cleanly  diriinguishes  the  distributor  from  the  road  be  uses. 

The  television  network  now  focuses  on  providing  a  cohermt  message  to  the  oemsumer.  There 
are  the  four  "natiooal  networks,"  CBS,  NBC,  ABC,  and  Fox  that  package  gmimc  programming 
regardless  of  pttfa.  Then  there  are  a  large  number  of  cusum  networks,  such  as  CNN,  that  package 
speciriized  programming.  The  basic  elements  of  the  packaging  include  the  netwmk  name,  a 
statement  rtf  what  kind  of  programming  it  packages,  and  who  it  seUs  to.  Sometimes  it  seUs  to 
advertiseis  (e.g.,  the  natiotial  networks).  Sometimes  it  selk  to  cable  operators  (e.g.,  basic  cable). 
Sometimes  it  selk  directly  to  consumers  (e.g.,  HBO,  QVC). 

fr  is  nsefrJ  to  ask  why  "packagers  of  programming"  exist  at  all.  From  a  simplktic  point  of 
view,  there  should  be  pre^rammers  and  path.  A  packager  that  only  has  a  name,  a  class  of  product 
he  packages,  and  a  sales  strategy,  k  not  very  much  by  way  of  substance.  Should  packagers  be 
"stmidardized"?  The  answer  is  that  they  service  a  real  need  they  would  not  continue  to  exist 
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and  flourish.  They  should  be  consideied  for  digital  interactive  television,  but  the  cuirait 
infiastiucture  blocks  dieir  growth.  Indeed,  it  is  the  packager  and  distributor  th^  data 
standardizaritm  must  continue  to  sniqxnt  and  it  is  the  packager  and  distributcn^,  the  channel,  of 
digital  interactive  television  that  data  standardization  is  least  ready  to  support.  If  there  is  a 
problem  anywhere  in  the  standardization  picture,  it  is  here. 

In  terms  of  specific  standardizatimi  objectives,  the  problem  u,  in  dte  software  systems  on  die 
tekvisum  receivers  (cable  boxes,  or  whatever).  This  implies  standardizatimi  in  operating 
systems,  if  you  wiU.  Nearly  anything  will  w(xk  for  a  head  end.  Interactive  television  netwcnlcs 
can  fireely  engage  in  commerce,  if  the  operating  systems  on  the  receivers  have  certain  agreed 
properties.  We  bdieve  a  repetition  of  the  MS-DOS/WINDOWSyOS-2  and  Unix  dd>acles  are 
unwarranted  cm  the  home  televisitm.  The  interactive  television  software  im>viders  listed  in  the 
Gazetteer  (t^pendix)  are  all  producing  vertical,  insular,  operating  systems  for  interactive 
televisimi.  Can’t  we  talk  about  it  first  this  time? 

There  should  be  a  basis  for  a  standard.  Interactive  television  implies  a  feedback  loop 
encompassing  the  interactive  service  and  a  person  or  "user."  The  user  must  be  provided  with  a 
means  to  communicate  his  wishes  to  the  service,  and  the  service  must  be  provided  with  a  means 
to  respond  and  to  present  new  information.  In  an  interactive  television  soviet,  the  television’s 
screen  and  speakers  fulfill  the  latter  need. 

Because  the  physical  display  is  given  in  the  form  of  a  television  receiver,  the  problem  of 
standardizing  a  "display  device"  has  a  restricted  domain.  Video  standards  for  televisitm  specify  a 
rectangular  viewing  area  with  a  specific  aspect  ratio,  a  raster  scan  with  a  specific  tmmber  of  lines, 
a  specific  gamut  of  colcxa,  and  a  specific  time  cmirse. 

All  existing  and  proposed  starxlards  for  television  are  well  suited  to  a  "fiame  buffer"  —  an 
array  of  memory  cells,  each  of  whose  contents  dictate  the  coin*  (m  a  component  of  the  color) 
displayed  at  exactly  erne  position  in  the  taster  (i.e.,  the  color  of  one  "pixel").  A  cmnidete  frame 
buffer  standard  would  specify:  color  model,  screen  layout  in  terms  of  how  pixels  are  arranged  on 
the  raster,  how  many  there  are,  how  they  are  numbered,  and  memory  layout  providing  a  mapping 
frmn  locatitms  in  the  memory  array  to  pixel  positions  and  color  cmnpoiKnts.  Sub-topics  include 
number  of  bits  per  pixel,  interleaved  color  versus  color  planes,  and  color  lookup  tables  versus 
direct  ctdor.  Once  specified  as  a  reference  frame  buffer,  the  box  maker  (e.g.,  SEGA,  RCA, 
I^inasonic,  HP,  Scientific  Atlanta)  can  implemoit  the  reference  for  interactive  services  meant  to 
opoate  gmerically  on  any  box  or  tdevisitm  receiver. 

Berides  a  i^ysical  reference  fiame  buffer,  time  are  several  layers  of  software  cmnponents  that 
ate  candidates  for  standardizatitm. 

Time  is  a  driver  or  software  component  of  the  operating  system  that  mediates  access  to  the 
frame  buffer.  This  driver  does  not  fulfill  the  traditional  role  of  hiding  details  of  an  idiosyncratic 
diqrlay  device  because  only  a  handful  of  display  devices  are  possible  due  to  television 
r^ulatioos. 
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Ib  die  qiirit  ci  the  reference  ftame  buffer,  there  can  be  software-lilnaiy  graphics  routines  and 
system  calls  for  ptinutives  that  poform  various  graphical  operadoos  (e.g..  mtddng  lines  and 
curves,  fiUiii^  shaded  polygons,  drawing  text).  Basic  "gnqphkal  user  interface”  objects  would 
provide  library  routines  and  managed  resources  that  establish  a  framewcut  for  universally 
"scripting”  user  mid  service  interactions. 

Giapfaical  user  interface  design  pcincii^es  could  be  standardized.  It  is  iitteresting  to  note  that 
the  computer  industry  has  focused  its  attempts  cm  standardizing  the  higher  levels,  while  allowing 
chaos  to  reign  at  the  lowest  levels.  Software  systems  such  as  "Microsoft  Windows”  or  ”X 
Windows”  attempt  to  shield  tyjplications  from  the  details  of  the  hardware.  This  is  exactly  the 
wraag  a^iptoach  ftnr  interactive  television.  In  the  world  of  Microsoft  Windows,  time  is  an 
overwhebning  number  of  different  ftame  buffer  standards,  and  an  application  can  not  be  tailored 
to  one  without  sacrificing  its  ability  to  perfcnm  on  another.  In  the  world  of  inteiat^ve  televiskm, 
(mty  a  handful  of  disiday  types  exist  given  by  (^ktial  standards  like  NTSC,  PAL,  and  HDTV. 
We  expect  authoring  for  interactive  televisirm  to  be  done  on  persmal  computes  and 
wmkstatkms.  A  reference  frame  buffer  greatly  simfdifies  the  task  of  insuring  titles  that  will  play 
on  all  tdevisirMi  receivers. 

Prr^MMition  4:  The  standardized  television  signal  provides  a  good  opportunity  to 
standardiae  display  and  sound  for  digital  interactive  tdevision. 

As  stated,  sound  can  be  treated  sitnilariy  to  display  since  sound  is  standardized  in  the 
tdevision  signal.  However,  printers  for  television  sets  introduce  crxnplexity.  But  this  complexity 
exists  in  a  {Mxiblem  domain  for  interactive  television  called  "capability  managemem.”  The  next 
sectirm  provides  a  shtnrt  overview  of  the  concept. 

CapabiliQr  Management  A  standardized  interactive  tdevision  recdver  should  support  a 
multitude  of  differait  infcmnation  sorices  with  the  same  absolute  uniformity  as  tdevision 
recdvers  today  suj^wrt  a  multitude  of  differati  tdevision  programs.  These  sovices  should  be 
further  grouped  by  channel  or  network.  Since  information  services  are  software,  it  follows  that 
the  interactive  televisitm  standard  must  specify  a  standard  envinmment  —  m  tolerating  system  ~ 
in  which  that  software  is  executed. 

We  bdieve  in  a  modon,  multi-tasldng  operating  system,  but  by  modem,  we  do  not  mean 
overwdght  The  most  central  cigiabilities  managenent  problem  is  the  allocation  of  resources  of 
local  monory  to  individual  intoactive  television  sorvices.  Allocation  must  suioxnt  types  of  local 
memmy  including  "wtnidng  storage,"  "long  term,  message,  storage,"  "ultimate  <»*  you-must* 
never-lose-this,  storage,"  and  "removable  memtay  (e.g.,  flqipy)."  The  TV  display  and  user  input 
devices  must  also  be  allocated  as  owned  resources.  Different  user-graerated  events  may  be 
owned  by  differait  snvkes.  To  include  the  printer  and  other  possibly  non-standard  devices,  there 
should  be  a  means  to  determine  their  presence  and  to  allocate  them  as  interactive  smvice 
resources.  Hnally,  many  interactive  services  use  signal  lights,  alerts,  and  alarms.  Every  receivo- 
should  aippoit  a  few  basic,  resource  allocated,  instances  of  these. 

Interprocess  communicatimi  protocols  can  provide  restricted  data  sharing  inside  the  box,  and 
basic  return  feed  protocols  can  be  universal  in  order  to  establish  interprocess  communication  back 
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to  the  head  end. 


Ci^alnlity  mana^ment,  as  a  central  thnist  for  standardization,  i»ovides  for  many 
opportumties.  Here  are  s<Mne  more:  It  can  ensure  that  no  sorvice  can  perform  a  credit  card 
transaction  without  the  cardholder’s  exfdkit  permission.  It  can  allow  a  "Civil  Defense"  service  to 
sound  an  alarm  in  the  middle  of  the  night  —  perhaps  because  at  an  impending  flood  ~  while 
deiiying  tluttcqMd>ility  to  another  service.  It  can  etdorct  contracts  between  service  providers  so 
that  service  netwmks  can  be  insured  for  ownership  protection  that  "A"  may  be  a  client  of  service 
"X",  but  service  "B"  may  not 

Capability  management  can  guarantee  that  the  usa*  sees  the  message  "out  of  memory,"  at  no 
time  othm  than  the  instant  when  he  tries  to  subscribe  to  a  new  interactive  service,  request  a  new 
inece  ai  informatiott,  or  otherwise  invoke  a  new  network  <x  new  netwrek  service.  It  would  not 
do  if  interactive  television  "crashed." 

Proposition  5:  Basic  data  manipulation  capabilities  should  be  standardized  in  digital 
interactive  television. 

Programming.  The  standards  th' t  exist  for  television  video  programming  are  dictated  both 
by  statute  and  conventitm.  We  suspect  that  attention  needs  to  be  paid  to  standards  for  digital 
intmactive  televisitm.  This  should  permit  programmers  to  know  what  will,  and  will  not  be, 
allowed.  For  example,  if  we  allow  "prmnium"  prograttuning  that  may  be  pmnognqthic,  violent, 
or  explicit,  should  programming  be  umforMy  rated  so  as  to  allow  parental  (ot  other)  access 
coittrol  to  progranuning  through  a  standard  receiver? 

The  digital  interactive  TV  is  capable  of  accepting  or  gaining  access  to  graphic  pictorial  and 
full  motion  digital  video  information  that  may  not  be  (tesirable.  Catalogues  may  be  available  that 
may  offend  some  people,  and  thoe  may  be  the  desire  to  restrict  access  to  different  family 
members.  The  argument  made  by  HBO  and  otho:  pranium  channels  that  people  pay  extra  to  see 
the  stuff  that  is  otherwise  not  seeable,  and  thoefore  the  network  has  the  right  to  broadcast  it,  may 
need  to  be  better  itructured.  Central  database  systons  accessible  through  home  television  provide 
access  {^iportonities  essentially  utKtmtroUed  by  any  responsible  ’publication’  editor.  A  purchase 
may  have  to  occur  in  certain  allowed  ways  to  certain  classes  of  material  or  an  authruized  perscm 
may  have  to  be  crqxable  of  blocking  the  display  of  certain  information  if  a  key  enabler,  e.g.,  a 
passwtxd,  is  not  i^sent  For  example,  keywords  like  "no  violence"  and  "no  gambling"  could  be 
selected  with  confidence  by  a  parent  It  is  useful  to  point  out  that  the  copyright  holders,  the 
programmers,  should  want  this  blocking  standardized  and  present  tm  all  interactive  TVs  so  they 
can  maintain  the  most  fireedom  of  expression.  The  buyer  has  the  right  to  what  he  purchases  in 
the  privacy  of  his  own  home  only  if  he  can  be  held  responsible  because  he  can  easily  make  it 
unavailable  to  a  child.  This  does  not  require  the  natirmally  renowned  "encryption  chipr"  we  think, 
just  some  conscientious  standard  words  regarding  the  capacity  of  the  interactive  TV  to  limit 
viewii^  by  distribution  charmel.  In  this  regard,  this  is  much  like  universal  product  labelling  in 
food  packaging. 
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Proposition  There  should  be  universal  product  labeling  for  digital  interactive 
television  diat  enables  home  screening  for  content 

Obviously,  with  impulse  baying  on  the  TV  a  desirable  possibility,  should  there  be  standards 
that  govmi  the  clarity  oi  the  buy?  For  example,  if  somecMie  buys  scnn^hing,  should  thoe  be  a 
clear  message  that  requites  a  nodficatitm  and  second  acceptance,  and  should  it  be  possible  to 
"unbuy”  something  within  a  few  minutes  of  a  boy? 

The  issues  go  far  deeper.  Several  companies  have  already  exjdmed  something  called  a 
"commercial  ambu^"  This  is  advertising  that  is  stnictored  to  ambush  the  first  tuning  of  the  set 
or  set  to  show  up  on  a  completely  unwanted  basis.  With  any  form  of  return  feed  capability, 
the  possibility  of  "big  brother"  is  there.  An  intelligent  TV,  even  with  very  little  intelligence,  can 
rquesent  a  flood  of  homeowner  information  to  the  even  slightly  cagey  marketer,  con-artist,  cu 
criminally  minded.  It  is  usually  possible  fm'  the  TV  receive  to  know  when  such  "big  brother" 
activity,  whether  potential  or  actual,  is  being  invt^ed.  One  suggestion,  that  could  have  merit, 
would  be  a  blue  LED  standard  for  a  blue  light  that  indicates  external  surveillance  potmtial  in  an 
interacdon. 

It  should  be  recognized  that  any  commocial  on  TV  has  a  "blue  light"  potmtial  since  buying 
patterns  can  be  inferred.  Infomercials,  that  seek  buys  immediately,  or  QVC  home  sht^ping, 
would  have  the  blue  light  on  all  the  dme.  But  let  us  assume  this  land  of  "indirect  surveillance" 
will  not  cause  a  blue  light  Only  direct  surveillance.  EHgital  interactive  television  has  the 
potential,  indeed  the  probability,  of  blue  light  activity  that  cannot  otherwise  be  noticed.  If  the 
blue  light  is  on  while  someone  is  simply  perusii^  a  shopping  guide,  it  would  mean  the  perusal, 
not  the  buys,  are  being  monitored.  If  the  blue  light  comes  on  after  the  impulse  buy  and  at  the 
time  of  notification  and  second  acceptance,  the  poson  kix>ws  the  buy  itself  is  surveiled  (as  it  must 
be,  a  tautology,  of  course). 

Proposition  7:  Tlierc  diould  be  universal  alerting  for  digital  interactive  television  ttat 
indicates  return  feed  buys  and  surveillance. 

Other  aspects  of  progratruning  standards  fw  interactive  television  have  to  do  with  tae 
interactive  controls  themselves.  It  is  interesting  how  IR  remote  control  units  have  come  to  be. 
RCA  Laboratories  (now  Sarooff  Labwatories,  Princetcm,  NJ)  published  a  specificadcm  that  was 
widdy  cc^ed.  There  has  been  obvious  utility  in  standardization  in  this  area.  In  further  support, 
we  have  published  the  source  code  and  electronic  schematics  for  an  IR  remote  that  will  handle 
most  TVs,  VCRs,  and  Cable  boxes,  and  made  our  data  and  programs  available  on  the  Internet 
[4].  We  used  "pre-traiced"  commercially  available  remotes  to  train  our  own  remote  to  several 
hundred  devices.  This  stuff  is  "copylefted,"  so  if  you  modify  it,  Carnegie  Mellmi  University  owns 
it  and  you  most  make  your  modifications  available  in  source  fcmn  for  putting  on  the  net  for  the 
next  guy.  This  depoids  on  the  honor  system  not  the  legal  system.  We  urge  a  look  at  the 
specification  language  for  remote  control  signals.  Perhaps  TV  set  receivers  could  be 
programmable  in  a  similar  specification  languagf  'n  order  to  promote  interoperability  between 
mnotes  and  interactive  television  sets  (or  set  top  bv/^es,  etc.) 
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What  atandardlaed  dements  of  digital  interactive  television  should  be  official? 


Aside  from  unofficial  standards,  there  are  two  kinds  of  "official"  standard.  One  is  by  stmute 
md  another  by  industry  group  mandate.  Let  us  combine  a  summary  of  tte  points  made  with  a 
discussion  of  coeidoo  for  the  commrm  good  (viz.,  the  good  of  open  comm«ce). 

The  standardization  of  the  TV  set  (box,  etc.)  semns  to  reasonably  be  achieved  by  the  same 
medianism  currently  available:  standardize  the  data  stream  into  (and  now  out  of)  the  TV  set  The 
data  handKng  capabilities  ci  NTSC  are  not  usefril.  We  suggested  that  a  possible  standardization 
would  follow  the  ATM  netwmks  currently  being  built  out  internationally  for  telephony.  Special 
ATM  televisitm  nodes  and  certain  special  provisiems  for  highly  asymmetric  data  broadcast  into 
homes  would  bring  costs  down  and  retain  the  roles  played  by  cable  operators.  ATM  technology 
is  standardized  and  available  from  many  companies.  It  is  approximately  the  correct  bandwidth 
and,  wi'>  ATM  television  nodes,  could  be  in  the  right  jmee  range  for  home  use. 

Standardization  of  physical  pathways,  transceiver  protocols,  materials,  and  the  like,  is  pretty 
mndt  orthogonal  to  issues  in  standardization  of  digital  interactive  television.  There  will  be 
multi]de  ctunpedng  physical  pathways  or  pathway  sharing.  The  pathway  providers  should  not,  in 
generaL  object  to  the  need  for  standardizing  the  interactive  data  stream  at  least  as  it  appears 
entoing  ittto  and  leaving  from  their  paths. 

The  issue  of  standardizatimi '  for  distribution  is  much  less  clear.  Right  now  all  interactive 
television  services  are  vertical  and  insular.  Wc  would  even  include  in  this  list  videotext  because 
it  {daces  such  presumptive  constraint  cm  what  the  data  can  do.  It  is  a  bad  sign  if  the  intoactive 
nelworits  are  buildiiig  their  own  boxes,  their  own  remote  controls,  etc.,  as  they  appear  to  be  doing. 
We  suggested  that  an  o{)etating  system  requirement  s{)ecification  on  the  receiver  would  come 
close  to  stdving  this  problem.  Obviously,  though,  it  would  be  a  bad  idea  to  have  a  national  or 
intematioiial  standard  opoadng  syston  for  digital  interactive  television  services.  Perii^  we  can 
borrow  from  the  NTSC,  or,  simply,  video,  standards  process.  Is  it  {jossible  to  ccHitrol  tl» 
tqrerating  system  by  specifying  the  content  of  the  signal?  Perhai)s  we  should  look  at  stracturing 
what  can  84q)ear  in  the  ATM  packets  that  will  service  interactive  television.  This  is  not  unlike 
how  die  NTSC  standard  places  tacit  requirements  on  television  coostniction. 

The  final  aqiect  of  standards  is  in  the  programming  arena.  This  is  periirqis  an  arena  where  the 
FCC  should  be  involved  in  a  way  com[)arable  to  its  involvement  with  broadcasters  on  matters  of 
limiting  {xmiography,  violence,  gambling,  intrusion,  and  the  like. 
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IV 

What  to  do  about  all  this? 


Data  is  soon  to  blast  into  homes  in  utter  chaos.  Those  who  possess  relevant  knowledge  should 
wiite.  Those  who  can  publish  what  is  written,  should  publish  it  Mtne  widespread  public  dialog 
should  b^UL  This  should  not  be  left  sdely  to  engineering  groups,  news  rqxMters,  or  large 
ctxpocate  interests.  Televirion  is  soon  to  be  a  new  agent  living  and  practically  breathing,  in  the 
home. 
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Glossary 


ATM  -  asyochrouoos  traasfa  mode.  Literally  this  means  that  data  is  streamed  so  fast  that  it 
can  be  streamed  in  packets  without  strict  adherence  to  regular,  synchrcmous,  timing  of  a  given 
packet  stream.  This  terminology  comes  from  telephony  where  such  packets  are  nevertheless 
’resynchrooized’  fw  audible  playback  at  the  ret^ver.  ATM  netwmks  are  gaining  widespread 
acceptance  in  tele{di(Miy  and  computeniom. 

Digital  Interactive  TdevisiiMi.  Televisitm  services  that  are  distinguished  from  traditional 
video  services  because  they  are  digital.  This  categorization  excludes  new  digital  video  services 
such  as  MPEG  n  cmnpressioo  standards  for  video.  Rathm*  it  focuses  on  non-video  (all  but  video¬ 
camera  based)  inoducdons,  entertainment,  and  infcmnaadon  services. 

Ethornrt.  Ethernet  is  a  local  area  netwoik  protocol  in  which  pack^  of  variable  size  are 
unicast  to  named  receivers.  Ethernet  is  not  suitable  to  broadcast  or  to  continuous  rate  data  feed. 
At  10  millinn  bits  per  seccnd  it  is  15  times  slower  than  an  ATM  networic. 

FCC  -  Federal  Commumcadmis  Commission.  Washington,  D.C.  The  regulator  for  open  air, 
and  certain  regionally  mcclusive  wire^bmr,  use  of  dectromagnetic  spectrum. 

Intarproccss  communication.  In  any  software  operating  system  in  which  several  {Mrograms 
can  execute  at  mice,  there  may  be  a  facility  called  interprocess  conununicadon.  This  facility 
enables  sq»rately  running  programs  to  smd  messages  directly  to  each  other. 

bAiltitaskii^  operating  system.  In  emnputerdom,  an  operating  system  is  a  computer 
srrftwaie  system  that  provides  basic  control  of  a  computer  and  its  attachments.  A  multitasking 
operating  system  provides  certain  accepted  methods  fm  permitting  multiple  tasks  (or  processes, 
or  programs)  to  execute  cm  the  computer  as  if  in  paralleL  Technically  speaking,  the  interactive 
tdevisirm  can  probably  get  away  without  true  muldtaddng  if  capability  managemoit  is  tightly 
enough  controlled,  but  in  practice,  the  task  schedulers  of  multitasking  opoating  systems  provide 
the  dedred  flexibility  and  robustness. 
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Abridged  Distal  Interactive  TelevisuHi  Gazetteer 


Since  dme  b  really  no  cuirrat  literatuie,  I  give  a  listing  of  companies  from  which  informadon 
may  possibly  be  obtained.  The  list  is  necessarily  incmnplete.  Nearly  every  existing  video 
netwock  has  some  interactive  activities  underway.  Neariy  every  hardware  providm  televisions 
m  set  top  boxes  has,  or  has  a  group  workup  on  or  providing  hardware  into  interactive  television. 
Neatly  every  major  copyright  owner  (e.g.,  Time-Warner)  has  networks  and  titles  in  test  <»- 
de{doyment 

The  lists  below  contain  companies  and  organizations  with  a  particular  digital  intmactive 
tdevisioo  focus. 


Interactive  Tdcvision  Networks 

ACTV,  NY  NY. 

EON,  Inc.  Reston,  VA. 

ICTV,  Santa  Qara,  CA. 

GTE  Mainstreet,  GTE  Inc. 

Interactive  Network,  Inc.,  Mountain  View,  CA. 

NTN  Entotaimnent  Network,  Carlsbad,  CA. 

NU  Me^  Alexandtis  \. 

ONTV,  Televisitm  CotL  oter,  Inc.,  Pittsburgh,  PA. 

SEGA  Channel,  Sega,  In. .  San  Francisco,  CA. 

Starsight  Telecast,  Fieemoot,  CA. 

TRAKKER  Interactive  Services,  United  Video,  Inc.  Tulsa,  OK. 

TV  Guide  ON  SCREEN,  Englewood,  CO. 

Videotext,  widely  available  worldwide  owned  by  Video  Broadcasters. 

Videoway,  A^deotron,  Inc.,  Toronto  Canada 
X*Pte8s  InfcKinatkm  Services,  Inc.,  Englewood,  CO. 

Your  Choice  TV,  Bethesda,  MD. 

Zing  Systems,  Englewood,  CO. 

Interactive  Television  Software  Providers 
Electronic  System  Products,  Roswell,  GA. 

Rrst  Person,  Inc.,  Palo  Alto,  CA. 

General  Magic,  Mountain  View,  CA. 

Kaleida  Labs,  Inc.  Moutain  View,  CA. 

Microst^  Corporation,  Inc.  Bellvue,  WA. 

Mkroware  Systems,  Cotp.  Des  Moines,  IW. 

Probita,  Boulder,  CO. 

Scala  Computer  Television,  Inc.  Resum,  VA. 

Television  Industry  Trade  Organizations  impacting  Interactive  Tdevision 
CaUeLdw  (CaUe  Television  Laboratories) 

Louisville,  CO  (effective  January  17. 1994) 
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CATA  (CaUe  Tetecommimicaiiopi  Assodittioo) 

Faii&x.VA 

OCITT  (bMenntiooHd  Coosnltttive  Committee  for  Tdq>liooe  and  Tdegfugb) 
GeoBvt,  SwitBedud 

ECSA  (JBxtimtfi  Cnrien  Standads  Anocutioo)  . 

WadtiogtooDC 

EIA  (Bectraoic  bidiistries  Associatioa) 

Wasbiiigtoo,  DC 

IEEE  (InclitatB  of  Efectrical  aadElectroaic  Eogjneers) 

Pfacataway.NI 


NAB  (National  Assodatioo  of  Broadcastera) 

Waalai^tooDC 

NCTA  (National  Cid)le  Tekvistoo  Assodaioo) 

WasUagton  DC 

SCTE  (Society  Cable  Televisioa  Bigiiieen) 

Exton.PA 

SMFTE  (Society  of  Motion  Pictue  and  TdevidcmEogineen) 
While  Plaios.  NY 


ThflMdeaD-DigHai  Television  Standards 


Page  18 


